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Abstract 


Examination was made of the survival period of Toxoplasma gondii in the low 
temperature rooms of a slaughterhouse. Materials for the examination were the mouse 
bodies themselves and the organs, such as the liver and brain, of mice infected with 
the RH or Beverley strain. These materials were stored in both of the refrigerating 
and the cold-storage rooms, then taken out of the rooms one after another at a short 
interval and examined on the existence of live Toxoplasma in them with the intra- 
peritoneal inoculation into healthy mice. 

In the first experiment, it was revealed that the survival of the proliferative 
form of Toxoplasma in an infected mouse body was 8 days in the refrigerating 
room and 4 days in the cold-storage room, but a putrefactive sign was manifesting 
slowly in the mice stored more than 13 days in the refrigerating room and 6 days 
in the other. In the following experiment, the livers excised from RH-infected mice 
and the brains from Beverley-infected ones were stored only in the refrigerating 
room. It was recognized as the result that cysts were capable of survival for as long 
as 67 days and proliferative forms could survive for 11 days in the room. A control 
experiment was attempted on the resistance of T. gondii to —14°C in a freezer and 
it was shown that both forms of this protozoa in the infected mouse organs could 
remain alive more than an hour but did not for 3 hours in a freezer of —14?C. Tem- 
peratures in both rooms were continuously measured by auto-recording thermome: 
ters, In the refrigerating room, it was 0.47?C in average and the cold-storage room 


always had 3 to 4°C higher temperature than the refrigerating room. 
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Introduction 


The edible flesh and organs of meat 
animals, especially pork in Japan, have 
been regarded as the most important 
source of Toxoplasma infection in man. 
Since many reports* have been so far con- 
trib.ted on the isolation of Toxoplasma 
from slaughtered animals, there might be 
no doubt about this opinion any longer. 

The animal meat and organs treated 
at a slaughterhouse, in general, are once 
stored in a low temperature room for a 
few days, usually 4—6 days, then carried 
toa market. Accordingly, it can be con- 
sidered most reasonable that an adequate 
measure for eliminating Toxoplasma from 
animal meat should be taken during the 
period of meat storage at a slaughter- 
house. 

There have been reported by several 
workers regarding the resistance of Toxo- 
plasma to a low temperature. Jacobs et 
al. (1960) described that cysts could sur- 
vive longer than proliferative forms and 
cysts survived as long as 68 days at 4°C. 
Fukazawa et al. (1964) reported the data 


Materials and 


Slaughterhouse employed 


With permission of the managing autho- 
rities the Nagasaki City Slaughterhouse 
was used for this research during a given 
short period. Both of the refrigerating 
and the cold-storage rooms of the slaugh- 
terhouse were adjoined by a door, and 
1o.7m? and 41.6m2 respectively. Tem- 


perature was adjusted to keep constantly 
approximately 0°C in the former room and 


*Refer to the publications quoted in this paper. 


indicating that proliferative forms in the 
peritoneal fluid of mice survived for 14 
days and cysts in a mouse brain emulsion © 
did for 40 days at 4°C, although both 
forms were destroyed within a day at 
—15?C. Robl (1965) stated that the 
longest survival of cysts was 50 days at 
4°C in 5% glycerin saline and also 50 days 


at —20°C in milk. These experiments, 


however, were all carried out with use 


of a refrigerator and a freezer in their 
laboratories. 

At the opportunity of making an exam- 
ination on the distribution of Toxoplas- 
ma in meat animals at the Nagasaki City 
Slaughterhouse, the authors planned to 
examine on the survival period of Toxo- 
plasma in the low temperature rooms of 
the slaughterhouse. 

Since it was, however, difficult to use 


the flesh and organs of the large meat 


animals practically killed there, mice and 
their organs harboring Toxoplasma were 


used for this purpose. 


method 


3°C in the latter. The temperatures, 
however, were expected to be waved up 
and down at the range of 2 to 3?C several 
times daily because of the periodical open- 
ing of the doors leading to the rooms 
and of carrying warm animal meat into 
them. It was the routine course of meat 
management that fresh meat was first 
carried in the refrigerating room, then 


moved into the cold-storage room after 
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the meat was refrigerated, and the total 
storage period was usually 4 to 6 days. 
The whole period of experiment was from 
August 17 through December 10 in 1966. 

Experimental materials 

Materials used were both of the RH 
and Beverley strains of Toxoplasma gondii 
and mice weighing approximately 20 gm. 
RH-infected mice, the livers excised from 
them and the brains from Beverley-infec- 
ted mice were employed for the exposure 
test to a low temperature at the slaugh- 
terhouse. 

When mouse bodies themselves were 
used, the mice, which had been infected 
intraperitoneally with 106 proliferative 
forms of the RH strain in 0.1 ml physi- 
ological saline solution, were killed man- 
ually by the spinal cord splitting method* 
on the 4th day of infection, as the par- 
asite number in the mice had reached the 
maximum. When the livers of RH-infect- 
ed mice were used, they were excised 
with a possible aseptic procedure from 
the mice killed oa the 4th day of infec- 
tion and each was enclosed tightly in a 
small sterile tube with a rubber stopper. 
The brains of Beverley-infected mice, in 
which a great number of cysts had been 
probably formed by the time of their 
excision, were also excised aseptically 
from the mice later than the 30th day of 
infection and likewise put in small sterile 
tubes, Prior to the exposure of the ma- 
terials to a low temperature, the random 
sampling of few materials was made from 
each group of materials and applied toan 
examination on the presence of live To- 


xoplasma in them. The results of this 


control experiment were described in the 
tables of this paper as the data at the 
storage time 0. 

Since the materials to be stored in the 
low temperature rooms contained live 
Toxoplasma, precaution had. to be paid 
for not causing the contamination of the 
rooms with Toxoplasma. To meet this 
inevitable request, the materials, either 
mouse bodies or the organs in small tu- 
bes, each was enclosed first in a three 
fold vinyl sack which was made to be 
each separately closed tightly with a rub- 
ber band, next in a clean small can with 
a tight lid and finally again in a vinyl 
sack. The outsides of the can and the 
outermost vinyl] sack were satisfactorily 
wiped with 70% alcoholic cotton and dri- 
ed. A set of enclosed materials was put 
together in a wooden box and locked. 
Approximately 30 materials were usually 
employed as a set in a experiment. 

Temperatures in the refrigerating and 
the cold-storage rooms were continuously 
measured by auto-recording thermometers 
throughout the period of experiment. 

Experimental method 

Infected materials stored in both low 
temperature rooms were carried to the 
laboratory one after another everyday or 
at the interval of 2 to 4 days and subjected 
to an examination on the presence of live 
Toxoplasma in them by the mouse inoc- 
ulation test. In the Ist experiment, RH- 
infected mouse bodies were stored in both 
rooms, and the liver and spleen were ex- 
cised aseptically from the mice carried 
from the slaughterhouse. In the 2nd, the 


livers of RH-infected mice and the brains 


*The spinal cord splitting was made manually by pulling the tail of mouse, while fixing the neck 


with the fingers of another hand. 
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of Beverley-infected ones, both being 
stored in the refrigerating room, were 
carried to the laboratory. 

Each of these organs was emulsified in 
a mortar with 4 ml saline for a liver 
and a brain, and 2 ml for a spleen. Pe- 
nicillin G Kalium and Dihydrostreptomy- 
cin Sulfate were added to an emulsion 
to the concentration of 1,000 units per 
ml and 1 mg per ml. Subsequently, a 
sheet of small sterile gauze was spread 
to cover the surface of emulsion in order 
to sink any large bit of tissue under the 
gauze, otherwise they would plug a nee- 
dle of syringe. The upper portion of 
emulsion over the gauze was used for the 
intraperitoneal inoculation into healthy 
mice with 2 ml syringe. The amount of 
inoculum to a mouse was 0.3ml, and the 
liver and brain emulsions were each in- 
jected to 3 mice and the spleen emulsion 
toone. Mice dead or dying within 30 


days after the inoculation were subjected 


to the detection of Toxoplasma in them. 

When mice survived more than 30 
days, they were killed and examined for 
the same purpose. Microscopical exam- 
ination was made of the fresh prepara- 
tions with cover slips and the Giemsa 
stained smears of peritoneal fluid for the 
detection of proliferative forms, and the 
fresh emulsified preparations with covers 
and the Giemsa stained smears of the 
brain for cysts. 

As a control experiment, a freezer in 
the laboratory, of which temperature 
was adjusted to -——14?C, was employed 
for knowing the survival of Toxoplasma 
in the organs of mice, when they were 
exposed to a temperature as low as —14C°. 
The livers and brains of mice infected 
respectively with RH and Beverley were 
likewise applied to the examination in 


this case. 


Experimental results 


1. The first experiment 

In this experiment, mouse bodies them- 
selves, which had been infected with RH 
and killed by the spinal cord splitting 
method, were used in order to recognize 
the survival time of proliferative forms 
in them. Results obtained were given in 
Tables 1 and 2. 

When the refrigerating room was used, 
KH proliferative forms were found to be 
capable of survival for 8 days in the 
liver of the mouse exposed to average 
0.9°C in the room, from the fact that 3 


mice, which were inoculated with the 
liver of a 8-days-stored mouse, died with- 


in 10 days and proliferative forms were 
microscopically detected in their peritone- 
al fluids. On the other hand, a mouse 
which was inoculated with the spleen of 
the same 8-days-stored mouse, survived 
over 30 days and no Toxoplasma was 
detected in the peritoneal fluid. It was, 
however, reasonably confirmed that live 
proliferative forms might still exist in 
the spleen of a 6-days-stored mouse, 
because a small number of them were 
detected in the peritoneal fluid of the 
mouse, which had been inoculated with 
the spleen of a 6-days-stored mouse and 
survived over 30 days thereafter. As to 
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Table |. Survival days of Toxoplasma gondii in the RH-infected mice stored in 
the refrigerating room 


Days Moüse Fate of mice inoculated | Average  sur- | Detection of T. gondii?? 
: vival days ot «oo? a 
Stored No WEOE ADIRE na | mice inoculat- | Proliferative (vota 
f | stored mouse | ed | forms | y 
mE No. 1 3 pe i MEME — 
2 4 D + — 
` 3 4 D 3.8 E: 2s 
49) 4D + — 
| No. 1 4 D Es = 
| 2 4D F z 
: 3 4D 4.8 Pa Z 
4 TD e + = 
NO. 1 5 D + = 
2 6 D + = 
A 3 6 D 5.5 H — 
4 5 D + — 
No. 1 5 D + | — 
2 5 D + | = 
: 3 5 D 5.9 $ — 
4 4 D "E. = 
No. 1 6 D | + — 
2 6 D | + = 
4 5 6 D | eus 4 - 
4 6 D m o T = 
No. 1 | 8D | Ta = 
| 2 | 8 D | X = 
6 | 3 . 3 D | 8.0 | a x 
| No. 1 i 8 D | T = 
| 2r Hg 8D : * x 
9 3 o] 10 D | ome + - 
| ER 34 S ! E — 
| No. 1 | 34 S — — 
| 3 34 S = = 
| 4 94 So u = = 
| No. 1 34 S = = 
2 34 S € EM 
ud 3 34 S - - 
"PU C EE ‘<i ic 
No. 1 34 S e T 
2 34 S z. = 
i 3 34 S - = 
4 34.5 i B = rae ee 
No. 1 | 34 S | = | == 
2 | 34 S — — 
2 3 34 S | = - 
4 | 34 S | E | Es 
Notes: 


Temperature in the refrigerating room was 0.9?C in average and 2.5 to —1.1°C in range. 

Experimental method: The liver and spleen were removed from the RH-infected mouse stored in 

the refrigerating room and emulsified in saline. Mice were inoculated with the emulsions and 

examined for the detection of Toxoplasma. 

1) Calculation was made only from death cases. 

2) The peritoneal fluids and brains were used for the detection of proliferative forms and cysts 
respectively. 

3) No.4 mice were inoculated with spleen emulsions. Others with liver emulsions. 

4) 3D means the death of mouse on the 3rd day of infection. 

5) 34 S means the survival of mouse for 34 days. 
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Table 2. survival days of T'oxoplasma gondii in RH-infected mice stored in the 
cold-storage room 
| ) 
Days Mouse | Fate of mice inoculated | Average sur- Detection of T. gondii?) 
aet vival days of | 
| with liver or spleen of Apo : ; 
tored. 3 No. . mice inoculat Proliferative | Cece 
: | | a stored mouse edi forms | y 
No. 1 | 4 DA + | — 
0 $ | Sb 4.3 Rd = 
43) | 4 D di | Z 
No. 1 | 4 D | + | — 
E" t EE to | 
4 | 6 D + - 
No. 1 | o D | EE = 
2 TE A | 6.5 js = 
4 | 9 D | + = 
No. 1 | 6 D -+ — 
3 8 D Hd x: uu Uv x 
4 1D | SE | xS 
: 3 10 D | 830 E 
4 21 D | — — 
No. l 32 S9? | 2n Um 
6 2 32 S | | — — 
3 32 S | ES — 
4 SN NR | | — — 
| No. 1 | 32 S i l — | — 
8 | 2 | 32 S | | = E 
| 1] i EM oe 
4 32 S ET EN 
| No. 1 | 32 S — | — 
| 2 32 S — — 
n 3 | 32 S = o o z 
| 4 | 32 S - | = 
| No. 1 | 32. $5 | — | — 
y 2. | 32 S | — | = 
3 32 S | - | a 
| 4 32 S | — | — 
Notes: 


Temperature in the cold-storage room was 4.2°C in average and 5.1 to 3.2°C in range. 


1—5) Refer to the notes in Table 1. 


6) 21 D in No. 4 mouse was not included in the calculation of average survival days. 


a 13-days-stored mouse, discoloration to 
reddish black and slight putrefactive smell 
of the abdominal organs were noticed 
when the abdominal incision was given 
to the mouse. Since it was regarded as 
a sign of putrefaction in that mouse, the 
subsequent experiment was stopped. 

In the experiment using the cold-storage 
room, it was found as shown in Table 2 
that virulent proliferative forms of the 
RH strain could still survive in the liver 


of a 4-days-stored mouse and in the spleen 
of 3-days-stored one. In this series of ex- 
periment, a sign of putrefaction was ob- 
served to develop in the mouse stored for 
6 days or more. 

An interesting phenomenon was that 
the survival period of the mice inoculated 
with infected materials had a tendency 
to extend along with prolongation of the 
storage period of the materials as indi- 
cated in the column of the average sur- 
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ival days of mice in Tables 1 and 2. It 
was understood that this might be caused 
by reason of either the reduction in num- 
ber of the surviving proliferative forms 
or the lowering of infecitivity of Toxo- 
plasma in the mice exposed to a low 
temperature, or both. 

Temperature in the refrigerating room 
was 0.9°C in average and 2.5 to —1.1°C 
in the range from the maximum to the 
minimum, and it was 4.2°C and 5.1 to 
3.2?C in the cold-storage room during the 
period of experiment. 

2. The second experiment 


In this experiment, the livers taken 


from the mice infected with RH and the 
brains from ones with Beverley were tested 
only in the refrigerating room. This de- 
cision was lead from the facts that in the 
previous experiment, a putrefactive chan. 
ge was observed to develop in mice, if 
mouse bodies were used in the exposure 
test to a low temperture, and that, much 
difference in temperature was not recog- 
nized between both rooms employed, 
although the refrigerating room always 
indicated a little lower temperature than 
the other. Results obtained were shown 


in Tables 3 and 4. 


Table 3. Effect of storage of the infected mouse livers in the refrigerating 
room upon survival of the RH proliferative form 
Days Mouse Fate of mice inoculated Average sur- | Detection of T. gondii 
i |! vival days of | ; "e 
stored | No. | with liver emulsions | ra inocula a Cysts 
| No. 1 3D | | + = 
0 | 2 4 D | 3.7 | -+ = 
B 3 4 D | E + — 
No. 1 4 D | + = 
l 2 4 D 4.0 + = 
3 £D X Ed - 
No. 1 5D + — 
3 2 5 D 5.0 + — 
COE | 3 5 D + e 
| No. 1 6 D + x 
B rj 2 6D 6.0 T = 
TEN 6 D i ! i LÍ NON = 
No. 1 6 D | + z 
7 2 7 D 6.7 + — 
B i 3 7 D + E 5, 
No. 1 6 D ES = 
9 2 7 D 7.0 + 5 
— 8 D ] T E 
No. 1 10 D | ds as 
Al 2 11 D | 10.7 ! ae = 
3 11 D | + = 
No. 1 43 S | — = 
13 2 43 S | = = 
B 43 S | = c i 
No. 1 43 S | i = 
15 2 43 S = | = 
3 X 43 S | — = 
No. 1 43 S | = zi 
17 2 43 S = z 
3 43 S | 2 - 
Notes: 


Temperature in the refrigerating room was 0.47°C in average and 3.2 to —3.5°C in range. 
Other explanations were described in the previous tables. 
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Table 4. Effect of storage of the infected mouse brains in the refrigerating room 
upon survival of the Beverley cyst form 
| Fate of mice inoculatd with Detection of T. gondii . 
Porliferative 
forms 


brain emulsions Cysts 


| 12 DD 
| 
| 
| 
| 


Days Mouse 
l 


++ |++ 


CO MO emija M23 Haja ND i 
+++ 1 GP 1+ 


New 
G3 
JgouUuu diu 


tee up pa 


Z 
x 


28 


35 


Z 
e 


42 


49 


+++ +++ +++ [++ 


56 


59 


Z 
c 


63 


67 


| +++ 


10 


Z 
x 


73 


T7 


80 


87 


WN 2| CO NO HON I [O0 NOD i| Q2 BO. [CO IND IS | GO NO EWN I | O0 ND elw ie [G9 BO I9 00 BO. S | GO NO IE | GO. ND (S [G0 e 
(e) 
uunuiunuununuuuunuuuunuuunuuuxuuonuruiuuntdug]guguuuunux nuuuunuuunuruugu uuu 


Z 
e 


Notes: 

Temperature in the refrigerating recom was 0.47°C in average and 3.2 to —3.5°C in range. 
1) 12 D means the death of mouse on the 12th day of infection. 

2) 43 S means the survival of mouse for 43 days. 

Some of results of the experiment were excluded from this table. 
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The livers infected with RH were 
transported one by one every third or 
fourth day to the laboratory from the re- 
frigerating room in order to examine on 
the existence of live Toxoplasma in them. 
The presence of virulent proliferative 
forms was confirmed in the livers which 
had been stored within 1l days. This 
confirmation was lead from the results 
that the mice inoculated with one of those 
livers were all died from infection within 
10 days and that, proliferative forms were 
detected in their peritoneal fluids. While, 
all mice inoculated with the materials 
which had been stored more than 11 days 
survived over 30 days and no Toxoplasma 
was demonstrated either in the peritoneal 
fluids nor in the brains. It was observed 
in this experiment similarly as in the Ist 
experiment that the survival days of the 
mice inoculated with RH-infected livers 
trended to prolong along with extension 
of the storage period of infected livers. 

As for the experiment on storage of 
the brains of mice infected with the Be. 
verley strain, it was distinctly demon - 
strated that cysts in the brains could sur- 
vive for as long as 67 days in the refrig- 


erating room. It was generally accepted 


that the mice infected with Beverley 
would mostly survive more than 30 days, 
harboring cysts in their brain, although a 
few mice would die from infection within 
the period. As shown in Table 4, 12 mice 
died within 30 days and proliferative 
forms were detected in the peritoneal 
fluids of all mice but one which seeming- 
ly had an accidental death on the 9th 
day. Of the mice inoculated with the 
brains which had been stored within 67 
days, others than above-mentioned 12 were 
all killed after 30 days and examined for 
the detection of Toxoplasma. Since not 
a few cysts were detected with a micro- 
scope in the brains of all mice examined, 
it was concluded that live cysts still ex- 
isted in the 67-days-stored brain. On the 
other hand, all mice inoculated with the 
brains which had been stored over 67 
days in the refrigerating room, survived 
long and neither cyst nor proliferative 
form was detected in any of them. 

Temperature in the refrigerating room 
for 87 days in the 2nd experiment was 
0.47°C in average and ranged from 3.2 
to —3.5?C, and approximately 3 regular 
wavings daily were recorded as Figure 1 
gives an example of the curve. 


9 to 12, Octover 
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3. Control experiment with use of a 
freezer of — 14°C 


This control experiment was carried out 
with the object of knowing how long the 
survival time of Toxoplasma in the mouse 


organs could be in a temperature as low 
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as —14?C. Materials used were the livers 
of RH-infected mice and the brains of 
Table 5 and 6 
showed the results obtained in this ex- 


Beverley-infected ones. 


periment. 


Table 5. Resistance of the RH proliferative form in the infected mouse livers 
to —14°C in a freezer 
Time | Mouse Fate of mice inoculated | Average sur- | Detection of T. gondii 
ANE | vival days of f prolifera- | 
stored | No. | with liver emulsions | mice inoculated m xot Cysts 
No. 1 5 D + — 
0 2 5 D 5.0 + — 
eee: 5 D + — 
No. l | 6 D | 4- m 
5 min 2 i 6 D 6.0 + — 
NES 6D o )!  .. | + — 
No. 1 8 D ER z 
18 ^ 2 8D 8.0 | + Š 
3 d 8D p | Lo -: 
No. 1 | 9 D | | + | — 
30 ^ 2 9D | 9.0 + — 
3 | 9D | + — 
| No.l | 10 D + | - 
] hr. 2. 2 10 D 10.0 | + : = 
3 i 10D. l d | = 
No. 1 | 34 S -— — 
o of 2 | 34 S = — 
3 | 34 S PE u | = 
No. 1 34 S | — | — 
15. 2 34 S = | _ 
3 34 S | - | - 
No. 1 34 S | | — | — 
24 5 2 34 S | MENS NS 
3 34 S | = = 
Notes: 


Temperature in the freezer was —14°C in average and —13 to —15?C in range. 
For explanations refer to the notes in the previous tables. 


Three mice inoculated with the RH-in- 
fected liver which had been stored for 1 
hour in —14?C, all died 10 days after the 
inoculation and proliferative forms were 
Where- 


as, 3 mice inoculated with the Beverley- 


found in their peritoneal fluids. 


infected brain which had been exposed to 
the same circumstance for 1 hour, sur- 
vived more than 30days after the inocu- 
lation and cysts were detected in the brain 
of only mouse of them. Other two mice, 


which demonstrated no cyst in their 


brains, were examined on the antibody titer 
of serum by the hemagglutination test in 
order to obtain a more detailed informa- 
tion of Toxoplasma infection. One of the 
two was positive in the serum test, dem- 
onstrating a positive response at 1,024 
times dilution of serum, while the remain- 
ing one was negative. On the contrary, 
in both cases of RH and Beverley, the 
mice inoculated with the infected organs 
which had been stored for 3 hours or 
more in —14?C could all survive over 30 
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Table 6. 
to —14°C in a freezer 


. Rooms of a Slaughterhouse — — — —ć < MEER ^5 


Resistance of the Beverley cyst form in the infected mouse brains 


'Time Mouse 


stored No. | with pees Pe ODS 


[W N mN 5 
hd 
J> 
w) 


j 


| Fate of mice inoculated | 


‘Detection of T. pondi: 


Hemagglutina- 


. Proliferative 
forms /«- | 


|: 
Cysts y tion test 


24 o 


48 4 


WN WN HEWN FON IS [G9 IND e| Q2 ND i2 
Ww 
e 
Un 


Notes: 


Temperature in the freezer was —14^C in average and —i3°C to —15' C in range. 
For explanations refer to the notes in the previous tables. 


days and neither proliferative form nor 
cyst was detected in them. It was really 
of much interest that proliferative forms 
and cysts in the mouse organs could si- 
milarly survive only for less than 3 hours 


in a freezer of — 14?C. 


Temperature in the freezer revealed by 
an auto-recording thermometer was — 14°C 
in average, accompanied by wavings be- 
tween —13 and —15?C approximately 18 


times daily. 


Discussion 


Since it is generally recognized at the 
present time that the flesh and organs 
of meat animals are the most significant 
sources of infection in human toxoplas - 
mosis, it is needless to emphasize that the 
management of slaughtered animals has 
become greatly important for the sup 
There 


have been numbers of publications con- 


pression of Toxoplasma infection. 


cerning studies on the isolation of this 


protozoa from slaughtered animals and on 
the distribution of animals in latent toxo- 
plasmosis by means of the serological 
tests. In Japan, it is already ascertained 
that the swine has been playing a very 
important role in human infection with 
Toxoplasma. 

To establish a control measure for pre- 
venting us from Toxoplasma infection, 


an examination should be first made on 
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the resistance of this protozoa in the 
animal meat and organs to environmental 
influences of various sorts. Speaking of 
the business of slaughterhouse on the 
management of animal meat, an examina- 
tion on the resistance of Toxoplasma to 
a low temperature has a practical mean- 
ing. Whereas, in cooking the animal meat 
and organs, a treatment of them with 
a high temperature might be most im- 
portant to kill Toxoplasma. Not a few 
reports have been published on the re- 
sistance of this protozoa to a low temper- 
ature, as already mentioned in the chap- 
ter of introdüction. However, the low 
temperature which was applied for those 
experiments, was settled in a refrigera- 
tor or freezer at a laboratory and control- 
led to keep constantly a fixed tempera- 


ture. 


Summarizing the data so far published, 
it can be understood that in general, 
cysts can be more resistant to the tem- 
perature of refrigerator than proliferative 
forms and the cyst form of the Beverley 
strain in meat or in the brain is capable 
of survival more than 40 days in a refrig- 
erator. Fukazawa's report (1964) was 
of interest, in which cysts and prolifera- 
tive forms were both destroyed within a 
day at —15°C in a freezer. A more inter- 
esting result was obtained by Robl (196 
5), in which the freezing velocity and the 
medium suspending Toxoplasma might 
have a close relation to the survival of 
this protozoa and proliferative forms re- 
mained alive at —76°C in 5% and 10% 
glycerin saline for 200 days after slow 
freezing. His result also stated that the 
longest survival of cysts was 50 days at 
—20°C in milk as well as at 4°C in 5% 


glycerin saline. It should be, however, 
noticed that his result was not reproduci- 
ble. 

In the present experiment, the project 
was attempted to approach the actual 
condition of a slaughterhouse as much as 
possible. For this purpose, the low tem- 
perature rooms of a slaughterhouse, which 
were routinely used for storage of the 
meat and organs of killed animals, were 
employed instead of a refrigerator, and 
mouse bodies themselves and their organs 
harboring Toxoplasma were examined as 
materials for the survival test of this 
protozoa. Temperatures in the refrigerat- 
ing and the cold-storage rooms were 
presumed to wave up and down to some 
extent daily owing to the frequent open- 
ings of doors and the transportation of 
large masses of warm meat into the 
rooms. As a matter of fact, the tempera- 
tures which were continuously checked by 
auto-recording thermometers showed a 
nearly regular waving three times daily 
during the experimental period. The range 
of waves, however, was not so much as 
expected. 

Use of the meat and organs of large 
animals, such as swine, cattle and sheep, 
harboring Toxoplasma, was so much dif- 
ficult for us that the mouse bodies infect- 
ed with Toxoplasma, and their livers 
and brains were used as test materials. 
It could be expected to take at least sev- 
eral hours to completely refrigerate huge 
masses of the meat and organs of large 
animals in the refrigerating room. There- 
fore, use of the organs of a small ani- 
mal like a mouse would be undesirable in 
this experiment, because it could never 
reveal the true feature of refrigeration 
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of large animal meat. 

It was really noticiable that the cyst 
of Beverley in the mouse brain could re- 
main alive for as long as 67 days and the 
proliferative form of RH in the mouse 
liver was capable of survival for 11 days 
in the refrigerating room, and temperature 
in the room was 0.47?C in average and 
3.2 to —3.5°C in range during the period 
of experiment. These results can be ac- 
knowledged as a truth, in comparison with 
those obtained by the wokers previousely 
described, and it can be reasonably as- 
sumed that cysts in meat can survive long 
enough until the meat is brought to a 
kitchen. This assumption should be of 
much importance in the epidemiology of 
''oxoplasma infection. 

In the first experiment using infected 
mouse-bodies, Toxoplasma could survive 


only for as short as 8 days in the refrig- 
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erating room, This probably was caused 
by the putrefaction slowly developing in 
the mouse bodies. This result, therefore, 
could not be accepted as the true fact 
which demonstrated the survival of Toxo- 
plasma at the low temperature. 

In the control experiment using a freez- 
er at the laboratory, both forms oi 
Toxoplasma were capable of survival only 
for an hour but not for 3 hours at --14- 
C. Considering from this result,.it might 
be requested that all meat and organs of 
slaughtered animals must be kept at ap- 
proximately —15^C for at ieast several 
hours in order to destroy Toxoplasma in 
them. But any measure which will be 
adopted for this purpose in the future, 
must be enforced within the limit in 
which the qualification of meat as a food 


should not be deteriorated. 


Conclusion 


With use of the refrigerating and the 
cold-storage rooms of a slaughterhouse, 
an examination was made on the resist- 
ance of Toxoplasma gondii to a low temper- 
ature. Materials employed for this ex- 
periment were the mouse bodies infected 
with Toxoplasma, and the livers and 
brains excised from them. The survival 
of live Toxoplasma in the test materials 
which had been stored in the low tem- 
perature rooms were examined by the in- 
traperitoneal inoculation method into 
healthy mice. À control experiment was 
also carried out at —14°C in a freezer 
with the similar way. Temperatures in 
both rooms were continuously measured 


by auto-recording thermometers through- 


out the period of experiment. 

Results obtained were itemized as fol- 
lows: 

1) Cysts of the Beverley strain could 
survive for as long as 67 days and pro- 
liferative forms of RH were capable ot 
survival for 11 days in the refrigerating 
room. Temperature in the refrigerating 
room was 0,47°C in average and 3.2 to 
—3.5*C in range during the period of ex- 
periment, 

2) In the experiment using the infected 
mouse bodies, the survival of prolifera- 
tive forms of RH were 8 days in the 
refrigerating room and 4 days in the 
cold-storage room. This result, however, 
might fail to demonstrate the true sur 
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vival of this protozoa in mice, because a 
putrefactive change which had developed 
slowly in the abdominal organs of mice 
in storage in the room, would influence 
to the survival of Toxoplasma. 

The average temperatures were 0.9°C 
in the refrigerating room and 4.2°C in 
the cold-storage room during the period 
of this experiment. 

3) Both forms, cyst and proliferative 
form, of Toxoplasma remained alive more 
than an hour but did not for 3 hours in 
a freezer of —14?C. 

From the above-mentioned results, some 


considerations were contributed on the 
control measure of Toxoplasma infection 
at a slaughterhouse. 


Authors' acknowledgement is extended to Mr. 
S. Hirakawa, Director of the Nagasaki City 
Slaughterhouse, and Mr. K. Nishikido, veteri- 
narian at the slaughterhouse, for their kind 
co-operation, and also to Mr. A. Yamaguchi 
for his technical assistance. 

'The result of this experiment was reported 
at the 36th Annual] Meeting of the Japan 
Society of Parasitology held in Gifu, Japan 
on March 31. 1967. 
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